ABSTRACT: Sixteen Boer goat doelings, 16 Spanish doelings, and 8 Angora doelings and 8 wethers, 283, 316, and 330 d of age initially (SEM = 5.0), respectively, were used to evaluate effects of nutrient restriction on heat energy (HE). During the first and second 10-wk phases, 8 animals of each breed were fed a 50% concentrate pelletized diet at a level adequate for maintenance and moderate energy accretion (CONT). Other animals were fed approximately 50% of these amounts in phase 1 relative to initial BW, followed by the greater level of feeding in phase 2 based on initial or actual BW when greater (REST). Average daily gain was 43, −20, 16, −78, 8, and −48 g in phase 1 (SEM = 5.0) and 26, 44, 50, 65, 27, and 32 g in phase 2 (SEM = 3.5) for Angora-CONT, Angora-REST, Boer-CONT, Boer-REST, Spanish-CONT, and Spanish-REST, respectively. Total HE was greater for CONT vs. REST in both phases (P < 0.001), greater in phase 1 for Angora than for Boer (P < 0.01) and Spanish (P < 0.01), and greatest (P < 0.01) in phase 2 among breeds for Angora [481, 347, 430, 356, 424, and 338 ) for Spanish (R 2 = 0.43). These equations indicate that changes in HE in response to nutrient restriction and realimentation were more rapid and of greater magnitude in Angora vs. Boer and Spanish. The temporal pattern of decline in HE by Boer and Spanish during restriction was similar, but the subsequent rise with realimentation was slower and smaller for Boer. In conclusion, most appropriate methods of predicting change in the maintenance energy requirement during and after periods of limited feed intake may differ among breeds of goats.
ly]. Equations describing the temporal pattern of HE (kJ/kg of BW 0.75 per day), expressed as a percentage of the wk-0 value and corrected for corresponding breed × week CONT means, in phase 1 were 95.8 ± 2.43 -(8.18 ± 1.144 × week) + (0.655 ± 0.1098 × week 2 ) for Angora (R 2 = 0.58), 95.3 ± 2.63 -(4.34 ± 1.237 × wk) + (0.271 ± 0.1187 × wk 2 ) for Boer (R 2 = 0.41), and 97.4 ± 2.21 − (4.69 ± 1.068 × wk) + (0.282 ± 0.1021 × wk 2 ) for Spanish (R 2 = 0.53). Phase 2 equations were 78.9 ± 2.22 + (8.74 ± 1.036 × wk) − (0.608 ± 0.0095 × wk 2 ) for Angora (R 2 = 0.60), 77.5 ± 2.10 + (3.30 ± 0.978 × wk) − (0.153 ± 0.0942 × wk 2 ) for Boer (R 2 = 0.39), and 80.6 ± 2.50 + (4.50 ± 1.165 × wk) − (0.208 ± 0.1122 × wk 2 ) for Spanish (R 2 = 0.43). These equations indicate that changes in HE in response to nutrient restriction and realimentation were more rapid and of greater magnitude in Angora vs. Boer and Spanish. The temporal pattern of decline in HE by Boer and Spanish during restriction was similar, but the subsequent rise with realimentation was slower and smaller for Boer. In conclusion, most appropriate methods of predicting change in the maintenance energy requirement during and after periods of limited feed intake may differ among breeds of goats.
INTRODUCTION
One of the most widely acknowledged effectors of the ME requirement for maintenance (ME m ) is level of feed intake. At levels of intake below ME m , fasting heat production or energy (HE) is reduced because of decreased basal metabolic rate, for which the digestive tract and liver account for an appreciable portion (Freetly et al., 1995; Wester et al., 1995; Sainz and Bentley, 1997) .
Effects of level of intake on ME m of goats were not addressed by NRC (1981) , AFRC (1998 ), or Drochner et al. (2003 . Based on a literature review, NRC (2000) suggested up to a 20% decrease in ME m of beef cattle during and after a low plane of nutrition, with impact for 2 to 3 mo after the change to a greater plane of nutrition. A convenient means of assessing the severity of a low nutritional plane is BCS, although it is recognized that the accuracy of using BCS is greatest when the BCS is static rather than changing. The NRC (2000) proposed a 5% decrease in ME m of beef cattle for each BCS unit less than 5 (1 to 9 scale), resulting in a 20% smaller value for a BCS of 1. Sahlu et al. (2004) proposed that the ME m of goats be adjusted similarly for decreased BCS, with smaller adjustments applied with advancing time (i.e., linear). The NRC (2007) subsequently recommended this method for goats.
The NRC (2007) adjustment of ME m for low planes of nutrition was not based on actual data with goats and has not been evaluated. There are reports suggesting that reductions of ME m might be greater than 20% depending on severity of restriction in ME intake (Brosh et al., 1986; Silanikove, 1986 Silanikove, , 1987 Choshniak et al., 1995; Asmare et al., 2006) . However, there have not been meaningful comparisons of goat breeds, and linearity of change in ME m during realimentation has not been evaluated. Hence, the objectives of this experiment were to determine effects of restricted feed intake on HE by Angora, Boer, and Spanish goats during and after limited feed intake.
MATERIALS AND METHODS
The protocol for the experiment was approved by the Langston University Animal Care Committee.
Animals and Treatments
Forty-eight yearling goats were used. Sixteen animals were Boer doelings, 16 were Spanish doelings, and there were 8 Angora doelings and 8 wethers. Initial age was 283, 316, and 330 d for Angora, Boer, and Spanish, respectively (SEM = 5.0). Angora doelings and wethers were used, rather than only doelings, because of a limited number of animals of different sexes available. Sahlu et al. (2004) and NRC (2007) recommended similar nutrient requirements for doelings and wethers. Animals of each breed were allocated to 2 dietary or levels of feed intake treatments for similar BW and variation in BW within breed × treatment groupings, with 4 Angora of each sex assigned to the 2 intake treatments. At most times animals were housed in individual 1.05 × 0.55 m elevated pens with plastic-coated expanded metal floors.
The experiment was 20 wk in length, divided into two 10-wk phases. In the first phase, 1 dietary treatment was a level of feeding to meet ME m and moderate rates of BW gain (Boer and Spanish) or tissue and clean mohair fiber growth by Angora, designated as the control (CONT) treatment. The other dietary treatment was feeding approximately 50% of these quantities on a BW basis, termed the restricted treatment (REST). Feed allowances were based on requirement recommendations of Sahlu et al. (2004) and NRC (2007) . The ME m requirement for Boer and Spanish used was 391 kJ/kg of BW 0.75 per day and that for Angora was 473 kJ/kg of BW 0.75 per day. The requirement for Boer and Spanish was based on the estimate of 423 kJ/kg of BW 0.75 per day for mature animals of Sahlu et al. (2004) , decreased by 7.5% for use of wethers and doelings rather than intact males. The assumed ME requirement for ADG was 23.1 and 19.8 kJ/g of ADG for Boer and Spanish, with ADG targets of 25 and 17.5 g, respectively. Requirements for tissue and clean mohair fiber growth were 37.2 and 157 kJ/g, respectively, and anticipated tissue and clean mohair fiber growth for Angora were 12.5 and 7.5 g/d, respectively. However, ADG of CONT animals was less than expected, resulting in increased feeding in wk 6 to 10 (i.e., to support 50 and 35 g of ADG for Boer and Spanish and 20 and 5 g/d of tissue and clean mohair fiber growth for Angora, respectively). When BW did not markedly increase or declined, the amount of feed offered was not changed. With increasing BW in wk 6 to 8 for CONT animals, feed amounts were increased slightly in wk 9 and 10. The same feeding rates were employed in phase 2 for the CONT treatment, with amounts offered increasing as BW rose. These rates were used for the REST treatment in phase 2, except that only a partial increase was imposed in wk 11 to avoid potential digestive upset and feeding continued to be based on initial BW when greater than actual BW. A 50% concentrate pelleted diet (Table 1) was used, with a ME concentration of 9.4 MJ/kg of DM used, as determined by Ngwa et al. (2007a) . During a 4-wk preliminary period, this same diet was fed at the CONT level.
Measurements
Two weeks before the experiment began, fiber was clipped from a defined 10 × 10 cm mid-side patch area and the whole body of all animals. The patch area was again shorn at the end of wk 12 and at 2 wk after the experiment ended at wk 20. Shearing was at these times rather than before the experiment and the end of wk 10 and 20 in regard to time required from production of fiber to that when the skin level is reached for removal (Downes and Sharry, 1971; Reis and Tunks, 1976; Nagorcka, 1977) . The mid-side patch mohair samples were used to determine clean yield (ASTM, 1988) and fiber diameter with a Peyer FDA 200 system (Peyer, Wallerau, Switzerland). The ratio of patch to whole body fiber was used to estimate growth during phases 1 and 2. Also, during the 4-wk preliminary period and in the 4 wk after the experiment, animals were placed in metabolism crates fitted with head-boxes in a calorimetry room for 2-d periods, with 1 d for adaptation and 1 d for gas exchange measurement, as subsequently described. Both HE and heart rate (HR) were measured simultaneously. The CONT level of feeding was imposed during these periods.
The calorimetry system and its usage were described previously by Tovar-Luna et al. (2007a) . Heat energy was estimated based on the Brouwer (1965) equation from O 2 consumption and CO 2 and CH 4 production. Human S610 HR (Polar, Lake Success, NY) monitors with infrared connections to the transmitters were used to collect HR data at a 1-min interval. Heart rate data were analyzed using Polar Precision Performance SW software provided by Polar.
Body weight and BCS (Ngwa et al., 2007b) were determined in the preliminary period and weekly. Heart rate was estimated for 24-h periods near the end of wk 0 (final segment of preliminary period), 2, 4, 6, 8, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19 , and 20. Heat energy was determined from the average of the HE:HR ratio for each animal before and after the experiment. Feed intake, dietary concentrate, and HR, as influenced by level of exercise, have had little to no effect on the ratio of HE:HR in goats (Berhan et al., 2006; Puchala et al., 2007 Puchala et al., , 2009 . However, studies of Puchala et al. (2007 Puchala et al. ( , 2009 did not entail comparison of a maintenance level of feed intake and fasting after long periods of feeding. However, Puchala et al. (2009) did note similar HE:HR for growing crossbred Boer and Spanish wethers (19 kg of BW) with ad libitum consumption for 4 wk of a 65% concentrate diet or coarsely ground alfalfa hay diet even though there was a 38% difference in MEI (i.e., 7.6 vs. 5.5 MJ/d; Tovar-Luna et al., 2007b) . Furthermore, O 2 consumption per heartbeat (corresponding to HE:HR in the present experiment) by Bedouin goats in shade or with direct solar radiation and 40, 55, or 100% of ad libitum intake was similar among treatments except for 40% of ad libitum intake with solar radiation (Shargal et al., 2001 , as cited by Brosh, 2007) .
The diet was sampled weekly. Except for a small number of instances, there were no feed refusals. Feed was analyzed for DM, ash, N, GE (AOAC, 1990) , and NDF (filter bag technique; Ankom Technology Corp., Fairport, NY).
Calculations
Expressions relative to BW 0.75 were based on the average of BW determined at the beginning and end of the week of measurement. Recovered energy (RE) was calculated from the difference between ME intake (MEI) and HE. Average daily gain was estimated by regression (i.e., BW against time) for individual animals separately in phases 1 and 2. Average daily gain was used to estimate energy use in tissue accretion in conjunction with clean mohair fiber growth for Angora goats. The amount of ME required for ADG (ME t ) by Boer and Spanish goats was calculated from ADG and that for Angora goats from tissue mass change determined from ADG and unwashed mohair fiber growth, with an energy concentration in tissue gained of 6.4 MJ/kg (Ngwa et al., 2009 ). This value was derived from data of growing Boer and Spanish wether goats fed a hay-based diet for 98 d with an ADG of 44 and 50 g for Boer and Spanish, respectively. Recovered energy of tissue gain (RE t ) and the associated HE (HE t ) were determined assuming an efficiency of ME utilization for tissue accretion of 40.4% from the equation of AFRC (1998) of (0.78 × metabolizability in %, 51.0) + 0.6. Energy recovered in clean mohair fiber (RE f ) and HE associated with clean mohair fiber growth (HE f ) were determined assuming an efficiency of dietary ME use for fiber gain of 15% . Energy use in fiber growth by Boer and Spanish goats was not considered because NRC (2007) requirements for ADG by goats other than Angora encompass fiber growth.
If RE or RE plus RE f was negative, it was assumed that tissue energy was mobilized and used for ME m . Total HE associated with maintenance (HE m or ME m ) was estimated as the difference between total HE and the sum of HE associated with tissue and clean mohair fiber gain. Mobilized tissue energy used for maintenance (HE mt ) was subtracted from total HE m to derive dietary ME used for maintenance (HE md ).
To evaluate change in HE for animals on the REST treatment with advancing time during each phase, values for each animal on both treatments were expressed as a percentage of HE in wk 0. This was done on a basis similar to that used by NRC (2007) . That is, NRC (2007) recommended an adjustment of ME m based on percentages. For example, the maximal decrease in ME m proposed for a severe nutrition restriction as reflected by very low BCS was 20%. Values for individual animals on the REST treatment were adjusted for corresponding CONT treatment breed × week means. This adjustment was made to account for possible effects of factors such as variability in environmental or experimental procedures, assuming similar effects on HE of CONT and REST animals. Resultant variables were abbreviated as HE%CH for megajoules per day and HEMBW%CH for kilojoules per kilogram of BW 0.75 per day.
Statistical Analyses
Estimates of HE:HR determined before and after the experiment were analyzed by the MIXED procedure (SAS Inst. Inc., Cary, NC; Littell et al., 1996) with a model consisting of breed, intake treatment, breed × intake treatment, time (repeated measure), interactions involving time, and animal (random). Neither the effect of time nor interactions with time were significant for HE:HR (P > 0.10); hence, the average value for each animal was used to estimate HE during the experiment. Nonetheless, breed × intake treatment means for the 2 times of measurement are shown in tabular form. Data in the two 10-wk phases were analyzed separately with the GLM procedure of SAS, with a model containing breed, intake treatment, and breed × intake treatment. The model for variables pertaining to mohair fiber growth contained only intake treatment. Means were separated by LSD with a protected F-test (P < 0.05). A probability between 0.05 and 0.10 was viewed as indicative of a trend or tendency for a difference. Repeated measures during the experiment were also analyzed with a MIXED model as noted above, with week of the entire experiment used as the repeated measure regardless of phase. Means are presented in tables for breed × intake treatment regardless of the significance (P < 0.05) of the interaction effect. Figures describe significant (P < 0.05) interactions between time and breed, intake treatment, and breed × intake treatment. Although for BW and BCS, breed × intake treatment × week means are shown despite only a significant (P < 0.05) interaction between breed and intake treatment. Regression analyses for total HE were conducted with the GLM procedure of SAS.
RESULTS

BW and ADG
Initial BW ranked Boer > Spanish (P = 0.01) > Angora (P < 0.001; Table 2 ). The ranking was the same at the end of phases 1 and 2, although at the end of phase 1 the difference between Boer and Spanish only tended (P < 0.07) to be significant. The only interaction in BW involving week was with intake treatment (P < 0.01; Figure 1 , panel A). As expected, BW of CONT increased slightly as the experiment advanced. Conversely, REST BW declined from wk 0 to 8, changed little from wk 8 to 12, and then increased steadily with advancing time until the end of the experiment. The difference in BW between CONT and REST remained fairly steady from wk 7 to 20.
Tissue growth in phase 1 for CONT was greater for Angora than for Boer (P < 0.01) and Spanish (P < 0.01; Table 2 ). Likewise, for REST in phase 1, tissue loss ranked Boer > Spanish > Angora (P < 0.01). The interaction in phase 2 tissue growth between breed and intake treatment was not significant; however, tissue gain was greatest among breeds for Boer (P < 0.01) and greater for REST vs. CONT (P < 0.01).
BCS
Initial BCS was less for Angora than for Boer and Spanish (P < 0.01; Table 2 ). There were interactions between breed and intake treatment in BCS at the end of phases 1 (P = 0.05) and 2 (P < 0.01). These interactions were caused by a difference between intake treatments of lesser magnitude for Angora vs. Boer and Spanish at the end of phase 1 and similar values for Angora on both intake treatments at the end of phase 2 compared with reduced values for REST vs. CONT at the end of phase 2 for Boer and Spanish. In phase 1, BCS decreased less for Angora than for Boer and Spanish (P < 0.01) and decreased considerably for REST relative to little change for CONT (P < 0.01). The only significant effect in BCS change during phase 2 was an increase for REST compared with little change for CONT (P < 0.01).
As for BW, there was an interaction (P < 0.01) between intake treatment and week in BCS (Figure 1 , panel B). The pattern of change in BCS with advancing time was slightly different than in BW. With CONT, BCS decreased slightly from wk 0 to 3 then increased from wk 7 to 12, with little change from initial phase values in wk 3 to 7 and 12 to 20. With REST, BCS decreased markedly from wk 0 to 6 and increased slightly from wk 12 to 14 and wk 16 to 20. In slight contrast to BW, the difference between CONT and REST in BCS was slightly less in wk 14 to 20 than in wk 7 to 12.
DMI
Intake of DM in grams per day during phase 1 differed among breeds and between intake treatments as designed (Table 2) . Dry matter intake (g/d) during phase 2 remained less (P < 0.01) for REST vs. CONT.
Fiber
Unwashed fiber growth during phase 1 was greatest among breeds (P < 0.01) for Angora and greater for CONT than for REST (P < 0.01; Table 2 ). Conversely, there was an interaction (P = 0.04) between breed and treatment in unwashed fiber growth during phase 2; values were similar between intake treatments for Boer and Spanish but were greater for Angora for CONT vs. REST (P < 0.01). Clean mohair fiber growth for Angora was greater for CONT than for REST in phase 1 (P = 0.08) and 2 (P = 0.02). Fiber yield was quite variable in phase 1 relative to phase 2, resulting in a difference (P = 0.03) only between intake treatments. There was an interaction (P = 0.03) between breed and intake treatment in phase 2 fiber yield, although the primary difference was in decreased values for Boer and Spanish compared with Angora. Fiber diameter was slightly less (P < 0.01) for Angora and Spanish than for Boer in phase 1, but in phase 2 diameter was much less for Angora than for the 2 meat goat breeds (P < 0.01; Table 2 ). This was because of little effect of Means in a row without a common superscript letter differ (P < 0.05).
1 Trt = treatment (CONT = intake for moderate energy accretion in 10-wk phases 1 and 2; REST = 50% of CONT intake in phase 1 relative to initial BW, followed by the greater level of feeding in phase 2 based on initial or actual BW when greater); Brd = breed; Int = interaction between treatment and breed.
2 < indicates P < 0.05 for breed main effect means when the interaction was nonsignificant (P > 0.05).
3 Scores: 1 to 5, with 1 and 5 = extremely thin and obese, respectively.
phase on diameter of Angora fiber and much greater values for Boer and Spanish in phase 2 vs. 1.
Energy Use
HE:HR and MEI. The ratio of HE:HR was not affected by intake treatment but was greater (P < 0.001) for Boer and Spanish than for Angora (Table 3) . Differences among breeds and between intake treatments in MEI in megajoules per day were the same as those in DMI because of the constant assumed dietary ME concentration. During phase 2, MEI in kJ/kg of BW 0.75 per day ranked (P < 0.01) Angora > Boer > Spanish and was slightly greater for REST vs. CONT (P = 0.02).
Total HE. During phase 1, total HE in MJ/d ranked Boer > Spanish (P = 0.02) > Angora (P = 0.01) and was greater for CONT vs. REST (P < 0.01; Table 3 ). Total HE (MJ/d) was likewise greater for CONT than for REST (P < 0.01) during phase 2. There was an interaction in total HE (MJ/d) between week and intake treatment (P < 0.01; Figure 2 , panel A). For CONT animals, total HE (MJ/d) was fairly constant during phase 1, but increased slightly as week advanced in phase 2. Total HE (MJ/d) for REST during phase 1 decreased every 2 wk until reaching a minimum in wk 8 and 10. During phase 2, weekly changes in total HE (MJ/d) were marked in wk 10 to 13, with no or relatively little change from wk 13 to 17 and slight increases from wk 17 to 20.
Total HE in kilojoules per kilogram of BW 0.75 per day during phase 1 was similar among breeds for the REST intake treatment, greater for CONT vs. REST (P < 0.01), and greater for Angora vs. Boer (P < 0.01) and Spanish (P < 0.01) with CONT (Table 3) . During phase 2, HE (kJ/kg of BW 0.75 per day) was greater for Angora vs. Boer and Spanish (P < 0.01) and for CONT than for REST (P < 0.01). There was an interaction (P = 0.01) among breed, intake treatment, and week in HE (kJ/kg of BW 0.75 per day; Figure 2 , panel B). This interaction appeared primarily because of a different pattern of change for Angora vs. Boer and Spanish in phase 2. For Angora, REST values markedly increased from wk 10 to a plateau at wk 13, with values similar to those for CONT from wk 13 to 20. Conversely, values for Boer and Spanish on the REST intake treatment increased more slowly from wk 10 to 13, followed by little or no change through wk 16 and increasing values thereafter to wk 19 or 20. Values for Boer and Spanish were less for REST vs. CONT in wk 10 to 20 except for wk 19.
HE mt , HE md , and HE m . Tissue energy mobilized for use in maintenance was 0 for CONT during phase 1, with a greater value for Boer and Spanish than for Angora on the REST intake treatment (P < 0.01; Table 3). There was an interaction (P = 0.02) between breed and intake treatment in HE md in phase 1, with the least values among breeds for Angora within CONT and REST intake treatments (P < 0.01). The HE md was similar between Boer and Spanish with CONT but less for Spanish vs. Boer with REST (P = 0.05). The HE md during phase 2 was less for Angora than for Boer and Spanish (P < 0.01) and for REST vs. CONT (P < 0.01). Total HE used in maintenance in both phases was least among breeds for Angora (P < 0.01) and greater for CONT vs. REST (P < 0.01). The HE m in kilojoules per kilogram of BW 0.75 per day during phase 1 was least among breeds for Angora (P < 0.01) and in phase 2 was less for Angora and Boer than Spanish (P < 0.01). In both phases HE m in kilojoules per BW 0.75 per day was less for REST than for CONT (P < 0.01).
Tissue and Fiber Gain. Heat energy associated with tissue energy gain during phase 1 was 0 for REST, and for CONT ranked Angora > Boer (P < 0.01) > Spanish (P = 0.05; Table 3 ). During phase 2, HE t for CONT was greatest among breeds for Boer (P < 0.01) and greater for REST vs. CONT (P < 0.01). Heat energy associated with mohair fiber growth for Angora was almost identical in both phases, with slightly greater values for CONT vs. REST in phases 1 (P = 0.08) and 2 (P = 0.02).
RE. Because of the assumptions employed, differences in RE t and ME t and in RE f and ME f were the same as those in HE t and HE f , respectively (Table 3 ). Effects of feed intake restriction on BW (panel A) and BCS (1 and 5 = extremely thin and obese, respectively; panel B) of Angora, Boer, and Spanish goats. CONT = intake for moderate energy accretion in 10-wk phases 1 and 2; REST = 50% of CONT intake in phase 1 relative to initial BW, followed by the greater level of feeding in phase 2 based on initial or actual BW when greater. Table 3 . Effects of feed intake restriction on BW, heat energy:heart rate (HE:HR), ME intake, HE, and recovered energy (RE) in Angora, Boer, and Spanish goats Means in a row without a common superscript letter differ (P < 0.05).
During neither phase was there an interaction in total RE between breed and intake treatment. Main effect means during phase 1 ranked Angora > Boer (P < 0.01) > Spanish (P = 0.03) and were greater for CONT vs. REST (P < 0.01). Conversely, during phase 2 RE was greater for Boer vs. Angora (P = 0.01) and Spanish (P < 0.01) and greater for REST vs. CONT (P < 0.01). There were breed × week and intake treatment × week interactions (P < 0.01) in RE in megajoules per day and kilojoules per kilogram of BW 0.75 per day ( Figure  3 , panels A and B, respectively). The latter interaction was expected, with relatively steady RE across weeks for CONT compared with a slow increase to wk 8 for REST, marked increase from wk 10 to 12, and then a gradual decline to wk 20. In wk 2 to 8 or 10, RE for Boer and Spanish rose, whereas for Angora values decreased slightly. The increase from wk 10 to 12 for Boer and Spanish was of a similar magnitude, slightly greater than that for Angora. A somewhat greater magnitude of change for Boer vs. Spanish from wk 2 to 12 resulted in a difference that continued thereafter until wk 20. The RE for Angora in wk 12 to 20 was relatively constant compared with small steady declines for Boer and Spanish as week advanced.
Prediction of Change in HE. Breed and week interacted (P < 0.01) in HE%CH and HEMBW%CH for the REST intake treatment (Figures 4, panels A and B, respectively). Interactions in HE%CH and HEMBW%CH between breed and linear and quadratic effects of week during phase 1 and 2 were not significant for the CONT intake treatment. However, these interactions were significant for the REST intake treatment (P from <0.01 to =0.03). Regression equations in Table  4 depict considerable differences between Angora and Boer and Spanish in patterns of change in HE%CH and HEMBW%CH with advancing week during both phases 1 and 2, as shown in Figures 5 and 6 , respectively. There were more marked decreases in phase 1 as week advanced for Angora vs. Boer and Spanish ( ) in Angora, Boer, and Spanish goats. CONT = intake for moderate energy accretion in 10-wk phases 1 and 2; REST = 50% of CONT intake in phase 1 relative to initial BW, followed by the greater level of feeding in phase 2 based on initial or actual BW when greater. ) in Angora, Boer, and Spanish goats. CONT = intake for moderate energy accretion in 10-wk phases 1 and 2; REST = 50% of CONT intake in phase 1 relative to initial BW, followed by the greater level of feeding in phase 2 based on initial or actual BW when greater. the time frame of phase 2, quadratic effects for Boer and Spanish were not significant.
DISCUSSION
HE m and HE
Estimates of HE m (i.e., ME m ) for Angora goats on the CONT intake treatment were considerably less than 473 kJ/kg of BW 0.75 per day recommended by Sahlu et al. (2004) and NRC (2007) and 431 kJ/kg of BW 0.75 per day recently determined for growing Angoras subjected to 6 levels of feed intake . However, Tovar-Luna et al. (2011) reported a HE m of 362 kJ/kg of BW 0.75 per day for mature Angora does consuming a 60% concentrate diet at approximately 100, 125, and 150% of an assumed HE m , with housing in the same facility and pens used in the present experiment. It was suggested that the less than expected value could have involved a limited activity energy cost and restricted rather than ad libitum feed intake. Values for Boer and Spanish on the CONT intake treatment (average of 412 kJ/kg of BW 0.75 per day) were slightly greater than 391 kJ/kg of BW 0.75 per day used to determine amounts of feed offered and less than 452 kJ/kg of BW 0.75 per day suggested for growing doelings NRC, 2007) .
Results of the present experiment indicate that HE in kilojoules per kilogram of BW 0.75 per day of Angora goats during a period of restricted intake was more dependent on nutritional plane compared with Boer and Spanish. Even though the breed × intake treatment interaction during phase 2 was not significant, interaction means reflected a relatively rapid increase of Angora goats after a nutrient intake limitation compared with Boer and Spanish. This resulted in an average HE in kilojoules per kilogram of BW 0.75 per day of Angora on the REST intake treatment in phase 2 that was 97% of that for CONT animals. Conversely, mean HE of Boer and Spanish on the REST treatment in phase 2 was less than for CONT animals, with values 80 to 83% and 89 to 91% of those in phase 1 and 2, respectively. However, it should be reiterated that different MEI among breeds on a kilojoule-per-kilogram-of-BW 0.75 -per-day basis could have influenced findings.
That realimentation in phase 2 did not entail ad libitum intake, but rather intake to meet assumed ME m requirements plus continued moderate tissue and fiber growth, could have resulted in a less than maximal increase in HE associated with support tissue metabolism such as of the gastrointestinal tract and liver and, thereby, could have prolonged effects of restricted intake in phase 1 on HE in phase 2 for Boer and Spanish. Such an effect was not evident with Angora goats, for which the greater MEI relative to BW 0.75 may have had an influence. Feed intake less than ad libitum was used in phase 2 also to simulate common field conditions in which after a period of severely restricted nutrient intake, feed availability is increased though not unlimited, with constraints of lesser magnitude still present.
ADG
Greatest ADG and tissue gain among breeds for Angora on the CONT intake treatment in phase 1 may have involved the greatest level of feeding and attainment of maximal mohair fiber growth. Greatest BW loss during phase 1 for Boer vs. Spanish was not anticipated based on previous studies (Joemat et al., 2004; Negesse et al., 2007; Ngwa et al., 2009 ). Ngwa et al. (2009) concluded that with low-to moderate-quality diets, growth by Boer goats is similar to but not less than that by Spanish goats, with greater levels of performance by Boer achieved only with greater nutritional planes. Asmare et al. (2006) found an appreciable capacity of 14-mo-old Boer goats to decrease HE with severely limited energy intake, although that study did not entail a breed comparison. As suggested for Angora goats, different findings in this experiment compared with previous studies may relate to the fairly severe nutrient restriction imposed for a relatively long period of time and young animal age compared with previous studies. Results of this experiment coupled with those ) by different goat breeds expressed as a percentage of HE in wk 0 for animals subjected to restricted feed intake, corrected for HE of corresponding animals on a constant plane of nutrition adequate for maintenance and moderate energy accretion (HE%CH).
of previous studies indicate that the nature of nutrient intake restriction (e.g., length, magnitude) will influence comparisons of Boer goats and indigenous or local genotypes with decreased growth potential.
Greater ADG in phase 2 for Boer vs. Spanish and Angora suggests that the period of time after nutrient restriction with low HE m relative to MEI for Boer goats was long compared with Spanish. Greater ADG for Boer compared with Angora and Spanish on the CONT intake treatment in phase 2, in fact greater than in phase 1, also implies an ability of Boer goats to adapt over time to a moderate nutrient restriction for subsequent efficient nutrient use in tissue accretion.
Fiber
The negative effect of the REST intake treatment on clean mohair fiber growth in phase 1 agrees with a small decrease in mohair fiber growth by Angoras 14 mo of age, in addition to limited tissue gain, observed by Sahlu et al. (1999) . Conversely, noted relatively constant clean mohair fiber growth by 6-mo-old Angoras subjected to 6 levels of restricted feed intake. Nutrient partitioning to mohair fiber growth neither can be truly confirmed nor refuted in the present experiment or that of Sahlu et al. (1999) . That is, nutrient restriction decreased mohair fiber growth, but it is unknown if the magnitude of change was minimized at the expense of nonfiber tissue gain. Studies with multiple levels of feed intake, such as that of Puchala et al. (2011) , can potentially provide more accurate evaluation of nutrient partitioning to mohair fiber growth.
The decline in mohair fiber growth for REST vs. CONT in phase 2, which was of similar magnitude to that in phase 1, is in accordance with a carryover effect of restricted feed intake reported by Sahlu et al. (1999) when later consumption was ad libitum. However, the change in tissue gain noted by Sahlu et al. (1999) was fully compensatory for limited ADG earlier. In accordance with no effect of different levels of intake during the period of restricted feeding, Puchala et al. (2011) found similar mohair fiber growth by yearling Angoras later with ad libitum consumption. Findings of the present study along with those of Sahlu et al. (1999) and Puchala et al. (2011) indicate that if feed intake restriction retards real-time mohair fiber growth, subsequent fiber growth also will be slowed but to a magnitude no greater than during the restriction period. Results of Sahlu et al. (1999) regarding compensation in tissue growth during realimentation, but with continued decreased mohair fiber growth, and tissue gain 19.5 g/d greater for REST vs. CONT during phase 2 of the present experiment indicate that nutrient restriction has relatively long-term effects on follicle metabolism. Further research would be required to fully characterize influences of the length and magnitude of nutrient intake restriction on subsequent mohair fiber growth.
Even though unwashed fiber growth was considerably greater for Angora than for Boer and Spanish, intake restriction in phase 1 still decreased fiber growth by Boer and Spanish, which was due at least in part to reduced diameter. This is somewhat contradictory to previous reports indicating that fiber growth by cashmere-producing goats is relatively recalcitrant to nutritional plane (Restall et al., 1994; Russel, 1995; Galbraith, 2000; Ivey et al., 2000) . This disparity may involve the marked nutrient intake limitation in phase 1 of the present experiment compared with these other studies. However, in contrast to Angora goats, restricted nutrient intake in phase 1 for Boer and Spanish did not influence subsequent fiber growth in phase 2. Differences in follicle metabolism between mohair-and cashmere-producing goats, which could simply involve total substrate supply as well as suitability of the profile of nutrients presented to follicles in relation to fiber growth potential, are implied.
Change in HE
Change in total HE with advancing time during phases 1 and 2 was addressed rather than ME m because measurement of ME m involved estimates for entire phases. Total HE in specific weeks could have been partitioned into HE m based on phase averages, but this was deemed inappropriate given substantial differences in HE and BW among weeks within phases. Weekly HE was expressed relative to that in wk 0 so that any prediction methods developed could be readily incorporated into nutrient requirement calculation systems [e.g., web-based for goats of Langston University available at http://www2.luresext.edu, applying recommendations of Sahlu et al. (2004) and NRC (2007) ]. Adjustment of REST values for mean change of the different breeds at each measurement time partially corrected for factors such as procedural variability and increased reflection of true change in ME m relative to that of animals on a continual plane of nutrition adequate for maintenance and moderate tissue and fiber gain. In this regard, for the CONT intake treatment in phase 1, effects of breed, week, week 2 , week × breed, and week 2 × breed were nonsignificant for both HE%CH and HEMBW%CH. In phase 2 for the CONT treatment, effects were noted for breed and week in HE%CH and for week and week 2 in HEMBW%CH.
Magnitudes of change in HE%CH for REST were greater than in HEMBW%CH because of the adjustment for BW 0.75 at measurement times with the latter but not former expression. For most appropriate poten- ). Weeks 10 to 20 are wk 0 to 10 after change in level of feed intake. Equations are given in Table 4. tial application or incorporation of any methods of prediction developed into nutrient requirement calculation systems, use of HEMBW%CH is preferable and will be addressed below.
From equations in Table 4 , the pattern and magnitude of decline in HEMBW%CH for REST during phase 1 was almost identical for Boer and Spanish, with average linear and quadratic regression coefficients of −4.52 and 0.277%/wk, respectively. For both breeds, HEMBW%CH reached a minimum in wk 6 to 7 at approximately 78% of the wk-0 value, with little change thereafter through wk 10. Conversely, for Angora HEMBW%CH decreased with advancing time during phase 1 much more rapidly (i.e., linear regression coefficient of −8.2%/wk), with the minimum of 70% at wk 6. Then, HEMBW%CH increased rapidly to wk 10 to reach nearly 80% in wk 10. Therefore, a different method of adjusting real-time ME m of Angora vs. Boer and Spanish goats for a limited nutritional plane seems warranted. Reasonably accurate prediction for Boer and Spanish goats could be achieved through use of a linear decrease until wk 6, with steady HE thereafter. For Angora goats, inclusion of a quadratic regression coefficient is advisable. However, it is not known if similar regression coefficients would be applicable to various magnitudes and lengths of intake restriction or animals of different ages. In general agreement with the prediction system suggested by Sahlu et al. (2004) and NRC (2007) , for each breed final HEMBW%CH was near 80%.
In contrast to phase 1, in phase 2 patterns of change in HEMBW%CH differed between Boer and Spanish. The rate of increase for Spanish was greater than for Boer (i.e., linear regression coefficients of 3.30 and 4.50%/ wk for Boer and Spanish, respectively). As in phase 1, change in HEMBW%CH for Angora with advancing week was much greater than for Boer and Spanish (i.e., linear regression coefficient of week for Angora of 8.74%/wk). Likewise, HEMBW%CH peaked in wk 16 to 18 and declined in wk 19 and 20 (quadratic regression coefficient of −0.608%/wk). Mean values in wk 20 for Angora and Spanish were similar at approximately 105%, both considerably greater than between 94 and 95% for Boer. Patterns of change in HEMBW%CH for Angora goats in both phases imply less stringent or tight regulation of HE and ME m compared with meat goat breeds of Boer and Spanish.
To potentially adjust ME m of goats during a realimentation period, these results suggest that different methods should be considered both for Angora than for meat goat breeds such as Boer and Spanish and also for different meat goat breeds. Furthermore, results of this experiment are not in close accordance with recommendations of Sahlu et al. (2004) and NRC (2007) for adjusting ME m of goats for previous low planes of nutrition. For example, with an initial BCS of 2 after a low plane of nutrition, the NRC (2007) adjustment of ME m for all goat breeds is a 10% reduction in wk 1, followed by sequential weekly increases of 1.67% of ME m for 6 wk while on a constant adequate plane of nutrition. Even with an initial BCS of 1, only a 20% decrease in ME m was recommended by NRC (2007), with sequential weekly increases of 2% of ME m for 10 wk while on a constant adequate plane of nutrition. For development of preferable means, extensive experimentation with multiple levels and lengths of nutrient restriction and realimentation would be required.
Conclusions
Although nutrient partitioning cannot be ruled out, mohair fiber growth by Angora goats decreased during a 10-wk intake restriction period and the subsequent 10 wk with greater intake. Nutrient intake restriction resulted in greater BW loss for Boer vs. Spanish goats, but ADG was greatest for Boer goats in a realimentation period. Heat energy by Angora goats decreased more rapidly and to a greater extent than that by Boer and Spanish, although eventually levels converged relative to values before restricted intake. Likewise, the speed and magnitude of rise in HE by Angora goats when intake was increased after restriction was greater than for Boer and Spanish. The pattern of change in HE with increasing length of nutrient restriction was similar between Boer and Spanish goats, although the magnitude of increase when feed intake was increased was less for Boer, which may have accounted for the difference in ADG. Most appropriate methods of predicting change in HE m during and after periods of limited feed intake may differ among breeds of goats.
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